Background The US Preventive Services Task Force recently recommended screening all adult patients for obesity due in part to the strong association between obesity and numerous chronic diseases. However, how obesity affects health-related quality-of-life (HRQL), particularly for persons without any chronic diseases, is less clear.
Introduction
The United States (US) has been experiencing an 'obesity epidemic ' 1,2 and obesity has obtained increasing recognition as a public health concern. From 1990 to 2000 the number of deaths attributable to poor diet and physical inactivity has increased substantially and, if the pattern continues, poor diet and physical inactivity may overtake tobacco as the leading preventable cause of death. 3 The US Preventive Services Task Force recently updated the 1996 recommendations of periodic height and weight measurements 4 and recommended that clinicians screen all adult patients for obesity. 2 Although the Task Force noted that longitudinal data indicate a J-shaped or U-shaped relationship between absolute mortality and body mass index (BMI), [5] [6] [7] the Task Force did not address the impact of BMI upon health-related quality-of-life (HRQL).
In both clinical and public health settings, measures of HRQL may be more relevant for function and survival than physiologic and clinical assessments. Numerous investigations have indicated that overweight and obese persons, as well as underweight persons, have impaired HRQL. However, the majority of these investigations in the US were conducted in samples comprised of primary care patients, 8 patients with chronic disease, 8 or patients seeking treatment for obesity. 9, 10 Far fewer studies were conducted in representative samples of the US population [11] [12] [13] [14] or in obese persons without any chronic conditions. Because obesity is one cause of many chronic conditions (i.e. diabetes mellitus, hypertension, coronary heart disease, and ischaemic stroke, among others), the impact of obesity on general health or HRQL among persons who have not been diagnosed with any of these conditions remains unclear.
Focusing on analyses from population-based samples, Sturm and Wells examined HRQL using the Community Tracking Study (CTS). 11 Although the CTS was designed to be representative of the US civilian, non-institutionalized population, the sample was clustered within 60 communities, mostly metropolitan areas. 15 After adjusting for chronic conditions, obesity predicted impaired physical HRQL, with an effect size similar to poverty.
related to self-reported BMI with underweight and obese participants reporting more unhealthy days compared to participants with a normal weight. Being obese also was associated with a decreased probability of reporting excellent health. 12 However, the investigators did not adjust for chronic conditions in these analyses. Because the distributions of unhealthy days are highly skewed, comparison of mean unhealthy days may not be reliable. 16, 17 Researchers had addressed this problem by analysing the proportions of persons having 14 or more unhealthy days 12, 14, 18 but, in dichotomizing the variables, part of the information measured by unhealthy days may be lost. 17 The impact of obesity on scores of HRQL has been measured with a variety of generic and obesity-specific instruments 19 and one instrument, the Short Form 36 (SF-36), has been one of the most commonly used generic measures in the US. The SF-36 is a health profile that assesses the health status of patients or populations on a comprehensive set of domains. Health profiles have been designed to characterize the particular domain(s) impacted by conditions or treatments, and, therefore, are well-suited to clinical evaluations. [20] [21] [22] By focusing on self-reported functional capacity and perceived health status, profiles do not assess patients' values. In contrast, a health index, such as the EuroQol EQ-5D, incorporates individual values and preferences and generates a single index score of health. The resulting score can be combined with life expectancy in order to create a summary measure of population health that might be used to conduct cost-effectiveness analyses. 23, 24 In 2000 the SF-12 (a health profile and shorter version of the SF-36) and EQ-5D (health index) were administered to a sample of the non-institutionalized, civilian US population as part of the Medical Expenditure Panel Survey (MEPS). 25 We compared the impact of categories of BMI on SF-12 and EQ-5D scores and assessed the performance of the EQ-5D in the general population, paying particular attention to persons who had not been diagnosed with any chronic conditions.
Methods
The MEPS has an overlapping panel design in which any given panel of a random sample of the US non-institutionalized, civilian population is interviewed five times over 30 months. 25, 26 The household component of MEPS contains detailed data on sociodemographic characteristics and selected diseases/conditions, among other variables. In 2000, the MEPS included a self-administrated paper questionnaire that was distributed to all participants aged 18 and older and designed to measure HRQL. 25, 26 Data were obtained from 15 438 persons but responses from 1792 persons (12 per cent) were excluded because these persons were not the intended recipients of the questionnaire. The final sample was limited to persons who provided self-reported data (instead of provided by a proxy) and consisted of 13 646 subjects. 
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The Short-Form 12 (SF-12) is comprised of 12 items measuring eight concepts: physical functioning, role limitations due to physical health problems, bodily pain, general health, vitality, social functioning, role limitations due to emotional health, and mental health. These concepts are combined into physical and mental component summary scales (PCS-12 and MCS-12, respectively) that are scored using norm-based methods and transformed so that the general population has a mean of 50 and a standard deviation of 10. 28, 29 Higher scores represent better health.
The EuroQol EQ-5D is comprised of a self-classifier and a visual analogue scale. The self-classifier is a descriptive system that enables the respondent to classify his/her health according to five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The data may be used to represent a profile of health status or converted into a single summary index (EQ-5D index) by applying the choice-based method of the time-trade off using the United Kingdom's general population. 30 In addition, the measure captures a self-rating of health status by a visual analogue scale (EQ VAS) which is anchored at 100 (best imaginable health) and 0 (worst imaginable health).
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Data on demographic characteristics and self-reported diseases/conditions were obtained by in-person interviews. Income was categorized as <100 per cent poverty, 100-124 per cent poverty, 125-199 per cent poverty, 200-399 per cent poverty, and ≥400 per cent poverty. Regarding health behaviours, participants were asked if they currently smoked and if they engaged in moderate or vigorous physical activity at least three times a week. Participants responded if they had the following chronic clinical conditions: diabetes (excludes gestational diabetes), asthma, high blood pressure, emphysema, stroke (or transient ischaemic attack), and heart disease (includes coronary heart disease, angina, heart attack, and any other heart condition).
Statistical analysis
Data were analysed using SAS (SAS Institute Inc., Gary, NC, 1999). The MEPS data incorporated sampling weights and post-stratification weights. All variance calculations were adjusted for multi-stage cluster design of MEPS data. Descriptive statistics were used to report the distribution of five BMI categories according to sociodemographic and clinical variables and the values of such descriptive statistics were standardized by age and/or gender to the 2000 US population.
The impact of obesity on HRQL scores was examined in two ways. First, using multivariate linear regressions, the HRQL scores were modelled with five BMI categories, smoking, physical activity, clinical conditions, and sociodemographic variables such as age, race/ethnicity, sex, and income as independent variables. The impact of obesity on HRQL scores, adjusted by other covariates, was evaluated through values of the regression coefficient.
Secondly, nonlinear relationships between BMI and HRQL were examined through Spline regression. 32 The predicted values of the SF-12 and EQ-5D were plotted against BMI separately for participants without any conditions and for participants with at least one MEPS condition. The predicted values were calculated by adjusting for sociodemographics. 17 This procedure was also applied to persons without any chronic conditions, separately by smoking status and physical activity. The overall average PCS-12, MCS-12, EQ-5D index, and EQ VAS scores were 49.4 (SE = 0.13), 51.2 (SE = 0.11), 0.823 (SE = 0.0031) and 79.2 (SE. = 0.22), respectively. Table 2 illustrates the adjusted effect of obesity on SF-12 and EQ-5D scores. Results from multivariate regressions show that scores on both measures decrease with increasing level of obesity.
Results
Compared to persons with a normal weight, persons with class II obesity have the greatest decrements in PCS-12, EQ-5D index and EQ VAS scores, and have significant decrements in MCS-12 scores. The average score decrements for the PCS-12, MCS-12, EQ-5D index and VAS were 4.00, 1.07, 0.073 and 4.84 points, respectively. When regression coefficients of class II obesity were compared to regression coefficients of the six clinical conditions, the impact of class II obesity on HRQL scores was similar to the impact of asthma, hypertension and diabetes. Persons with class I obesity had significantly lower, but in smaller magnitude, average PCS-12, EQ-5D index and EQ VAS scores, compared with persons of a normal weight. This trend also was seen in persons who were overweight, as overweight persons had significantly lower average PCS-12 and EQ-5D index scores.
At the lower end of BMI, although only approximately 2 per cent of respondents had a BMI <18.5 kg/m 2 , regression analyses showed a strong negative impact of being underweight on HRQL. In particular, when compared to normal weight persons, underweight persons had the greatest decrement in MCS-12 scores and their average EQ VAS score was significantly lower, too. Additionally, we explored if differences arose in scores of HRQL across sociodemographic groups and categories dichotomized by health behaviours and chronic clinical conditions ( Table 2 ). All of these factors had a significant impact on HRQL scores. For example, current smokers had lower average scores and persons who engaged in moderate to vigorous physical activities had higher average scores. Smoking and physical activity had a similar magnitude of impact on average HRQL scores, and this impact was slightly smaller than that of class II obesity. All six chronic conditions were associated with lower SF-12 and EQ-5D scores.
We calculated predicted HRQL scores, adjusting for sociodemographic variables, using BMI to examine the relationships between these two variables. Figure 1 indicates a nonlinear relationship. The four plots in Figure 1 on HRQL scores are observed among persons both with and without one or more of the six self-reported chronic conditions. Even for persons without any of the chronic conditions, there are signs of impaired HRQL when their weight increases above the normal range, particularly on the PCS-12, EQ-5D index and EQ VAS. The four plots in Figure 2 are of predicted HROL scores against BMI values by smoking status and physical activity for persons without any conditions. The plots show the strong negative impact of both smoking and lack of physical activity on HRQL, with the impact of these two factors on HRQL being approximately the same.
Discussion
Our results further strengthen the literature that obesity is associated with impaired HRQL, a finding noted both in the general US population 11, 12 and abroad. 33, 34 Compared to previous studies, our analyses focused on the impact of obesity on HRQL among the US adults without any of six self-reported chronic conditions, the majority of which are associated with obesity. Even in absence of these conditions, HRQL scores decreased with increasing level of obesity. Compared to persons in other BMI categories, persons with severe obesity had the lowest HRQL scores, as measured by both the SF-12 and EQ-5D. The HRQL scores also were significantly lower for overweight and moderately obese participants. While participants with severe obesity had the most impaired HRQL, overweight and moderately obese participants might represent the bigger public health problem, given that these persons comprise approximately 50 per cent of total US adults while only 8 per cent of US adults are severely obese. Additionally, compared to severely obese persons, overweight or moderately obese persons may be less likely to seek treatment of obesity or obesity-related conditions. 35 The relationships between HRQL scores and category of BMI were evident for both measures, although, for the SF-12, the decrements in scores for overweight/obese persons were greater on the PCS-12 than the MCS-12. Other investigations have indicated that obesity is a stronger predictor of poor physical health than mental health 11, 12, 16, 19, 33, 36 and changes in weight are more strongly associated with changes in physical health. 37 Of note, however, MCS-12 scores were the most impaired at the extremes of BMI and this impairment was comparable to the impairment due to certain chronic conditions. For persons with severe obesity, the decrement in scores on the PCS-12 and EQ-5D index was within the range of what has been considered to be a clinically meaningful difference. 30, 38, 39 While obesity negatively impacted HRQL, engaging in moderate or vigorous physical activity had a positive impact on HRQL. Persons who were physically active not only had a lower risk of being obese, but also had higher HRQL scores at all BMI levels. Our results were consistent with previous reports that diet and/or physical activity improves general health and the risks of having 14 or more unhealthy days for persons who report being physically active are at least 20 per cent lower than the risks of persons who are inactive. 12, 14 In previous studies examining HRQL in the US adult population, investigators used data from national surveys such as the BRFSS. In these surveys, HRQL was assessed either by the five-level self-rated health status or by unhealthy days that included poor physical, poor mental, and activity limitation days. These measures have been designed to assess health perceptions as opposed to assessing general health and functional status. 18 Because the 2000 MEPS included both the SF-12 and EQ-5D, measures that have been widely used in the US and abroad and extensively validated in clinical settings and population-based studies, MEPS provides a good way to study HRQL and the impact of obesity on HRQL in the US general population.
Because obesity is associated with many chronic diseases, such as diabetes, hypertension, and heart disease, analyses of obesity's impact on HRQL should consider these potential confounders when making comparisons of HRQL scores, particularly in population-based surveys that include a large number of respondents with one or more of these diseases. Not all previous investigations examined the impact of these conditions in their analyses. Our study provided two types of analyses, i.e. multivariate analysis and stratification, to address this issue and data show consistent results using both methods.
Our study had a number of limitations. First, MEPS data are cross-sectional so we were unable to draw conclusions regarding the causal association between obesity and HRQL. Secondly, only specific chronic conditions were ascertained so the association of HRQL with obesity might be due to another unmeasured condition. Thirdly, both the chronic conditions and weight and height were self-reported. Self-reporting conditions might underestimate their prevalence. Obese persons are more likely to under-report their weights and over-report their heights than are non-obese persons and men are more likely to over-report their heights than are women, with both of these reporting patterns resulting in misclassification and leading to decreased calculated BMI. 40, 41 Fourth, for the EQ-5D we used weights derived from the general population of the United Kingdom due to the lack of scoring function weights derived in the US at the time the data were analyzed. It is unknown whether such weights represent the preferences of the US general population but evidence suggests that the valuations for a standard set of EuroQol health states are broadly similar from country to country, suggesting cross-national and cross-cultural applicability. 23, 38 In conclusion, the 2000 MEPS containing the SF-12 and EQ-5D serves as the best data set to study HRQL of the US general population. Even in the absence of chronic disease, scores of HRQL decreased with increasing category of weight. The national trends of a greater prevalence of overweight and obesity will impact all sectors of health care, i.e. clinicians, public health officials, employers, payers and policymakers, among others. Screening and implementing interventions for obesity have been associated with modest long-term weight loss. Whether this weight loss, in turn, might improve HRQL for the large percentage of overweight/obese persons in the general population remains to be seen but such a change would have a profound implication both within a managed care panel and a community.
